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Introduction {#SECID0EXG}
============

Morphological anomalies are common in different groups of insects but there occurrence is scarce. A detailed classification and terminology of morphological anomalies and teratism in beetles was proposed by J. [@B3]. Later, different authors described cases of atypical body structures (mostly in imago) in many groups of insects: lice ([@B6]), weevils ([@B30], [@B7], [@B8], [@B27], [@B20], [@B21]), ground beetles ([@B10], [@B14]), road beetles ([@B13], [@B11]), leaf beetles ([@B25], [@B1]), hymenoptera ([@B5], [@B2]), as well as specimens obtained during laboratory breeding ([@B28]). Some authors noted morphological anomalies in some representatives of the family Cerambycidae ([@B4], [@B12], [@B9], [@B23], Schneider &Thoma 2004, [@B26]). For adults of *Stictosomus semicostatus* Audinet-Serville, 1832, *Ctenoscelis ater* (Olivier, 1795), *Enoplocerus armillatus* (L., 1767), and *Acanthinodera cumingii* (Hope, 1833), cases of antennal aberrations and deformations of the pronotum and elytra were described ([@B31], [@B33]). In most cases, the causes of developmental anomalies of various parts of the body are still unclear but, following the outcomes of these experiments, some outwardly similar anomalies may be a consequence of various environmental factors (Vasilieva 2005).

The purpose of this paper is to describe the cases of morphological anomalies identified in the preimaginal stages and adult of *Callipogon relictus* that have been bred in a laboratory setting.

Materials and methods {#SECID0EZDAC}
=====================

Specimens for this article were obtained during the course of elaboration of methods for laboratory breeding and maintenance of a rare representative of the family of long-horned beetles, *Callipogon relictus* Semenov, 1899, which is widespread in East Asia and is a rare and endangered species ([@B15], [@B17], [@B19], [@B16], [@B35]). The elaborated methods of laboratory breeding of this species are detailed in our works ([@B18], [@B36]).

In addition, specimens collected in various habitats and species that are stored in the scientific institutions have been examined:

**ZIN RAS** Zoological Institute of the Russian Academy of Sciences, St. Petersburg, Russia,

**ZMMU** Zoological Museum of M.V. Lomonosov State University, Moscow, Russia,

**IBSS FEB RAS** Institute of Biology and Soil Science, Far East Branch of the Russian Academy of Sciences, Vladivostok, Russia,

**UNR FEB RAS** Ussuri Nature Reserve, Far East Branch of the Russian Academy of Sciences, Ussuriysk, Russia,

**KU** Korea University, Seoul, South Korea,

**YIM** Yangpyeong Insect Museum, Yangpyeong-gun, Gyeonggi-do, South Korea,

**PHS** Paichai High School, Seoul, South Korea,

**HRCI** Hampyeong Research Center of Insects, Hampyeong-gun, Junranam-do, South Korea,

**IZAS** Institute of Zoology, Chinese Academy of Sciences, Beijing, China.

The collection of adults and preimaginal stages obtained by us in the laboratory is stored in the Center for the Study of Insects Ecology of Yeongwol Insect Museum, Yeongwol, Korea.

Results and discussion {#SECID0EDIAC}
======================

As a result of the investigation, more than 200 specimens of *Callipogon relictus* adults collected in various habitats and approximately 120 specimens of preimaginal stages and adults obtained in a laboratory setting have been studied. The most common anomalies in adults, larvae, and pupae have been grouped and are presented in Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}.

**Anomalies of larvae.** In the specimens studied, annular anomalies were identified of the body segments (Figure [1](#F1){ref-type="fig"}) and in some cases, isolated indurations in the form of tumours formed after molting of the larva and associated with delayed sclerotization of the teguments. It can also be assumed that occurrence of these anomalies is due to activity of xylobiontic mites. Notably, after a certain time, the larvae shown in Figure [1](#F1){ref-type="fig"} started to lose weight and eventually died.

![Larvae of *Callipogon relictus* with various deformations of the teguments.](zookeys-714-053-g001){#F1}

**Anomalies of pupae and adults.** Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} show various complex anomalies of pupae and imago of *Callipogon relictus*. The most common anomaly in the adults (both in a laboratory setting and in nature) is the trematelytria, i.e., perforation of the elytra as a result of local necrosis of hypoderm before the formation of imaginal cuticle (Fig. [3](#F3){ref-type="fig"}). Similar cases are frequent in representatives of other groups of beetles, e.g., *Carabus cancellatus* Ill., *Silpha carinata* Hbst., *Silpha obscura* L., *Tenebrio molitor* L. ([@B24]). There have been cases of brachelytria, i.e., shortening or reduction of the distal part, a decrease in the size of the elytra and, as a consequence, incomplete expansion of the elytra when the adult emerges. In a laboratory experiment, crossing of a male with brachelytria with a normal female led to development of larvae, which produced adult without morphological anomalies. In addition to the above-mentioned anomalies of the elytra, other deformities of the appendages of the body (mandibles, antennae, palps, and legs) have been found in adults (Fig. [3](#F3){ref-type="fig"}).

![Pupae *C. relictus* with various deformations of teguments and limbs.](zookeys-714-053-g002){#F2}

![Adults of *C. relictus* with various developmental deformations of the body.](zookeys-714-053-g003){#F3}

In the course of inspection of the collection material from the ZIN RAS, a dwarf specimen was found (1 male, Primorsky (Ussuriisky) krai, village of Yakovlevka, 23.VII.1926, D. Filipjev det.) with a body length of 3.18 cm. Dwarfism in insects can be caused both by exogenous factors (food deficiency and decrease in average temperatures and humidity during ontogenesis, population density) and endogenous factors (cumulative effect of many genes or pathologies of endocrine glands) ([@B34]).

The nature of the described cases of morphological anomalies of *C. relictus*, as well as analysis of the literature data ([@B22]), suggest that they can occur in all representatives of the Prioninae. The most common deviations include all cases of deformation of elytra, perforation of elytra, disorder of innervation, and abnormalities of the legs (nearly 80% of the specimens studied). These investigations have shown that, as a rule, occurrence of such anomalies is caused by a change in the temperature and humidity regime or by mechanical damage to larvae and pupae (during biomorphological measurements).

It can be assumed that in natural conditions the occurrence of anomalies at the late stages of development of this species is also associated with a sharp change in the microclimate inside the pupal chamber built by instar-VI, or with a partial and complete destruction of the chamber by both animals and plants. In case of reduction in humidity, the pupal teguments dry up, which makes it difficult to release the adult from the exuvia residues and consequently, anomalies occur in total or partial deformation of the elytra, atrophy of the limbs, antennae and other appendages of the body. The increase in humidity, when the beetle has already been formed, leads to its death or damages to the integument in the process of sclerotization of the teguments in young beetles and to the development of various hematomas and indurations in the form of tumors and warts in larvae. It should also be noted that in a laboratory setting, pupae undergo a rhythmic change in color (the chestnut brown color of the body becomes lighter or darker) if the humidity level changes. Spraying of pupae with distilled water leads to darkening of the teguments within 40--50 minutes, and when the moisture level decreases, the color of the body becomes lighter. This phenomenon can explain the presence of dark specimens of imago in some collections (Korean peninsula) in contrast to northeast China and the south of the Russian Far East where chestnut brown samples have been found.
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